This the WGS roll out schedule for state lab capacity building as of Feb 2016 Presently, 45 states have the equipment, the WGS sequencers.
INTRODUCTION
Foodborne illness caused by a known pathogen causes an estimated 9·4 million illnesses, 56 000 hospitalizations, and over 1300 deaths annually in the United States [1] . Over 90% of these illnesses are caused by 15 major pathogens, including various viruses, bacteria, and parasites, but most commonly norovirus and Salmonella enterica [2, 3] .
Annually, over 800 foodborne disease outbreaks are reported to the Centers for Disease Control and Prevention (CDC) and most commonly occur in a restaurant setting [2] . In 2013, 51% of single-setting foodborne disease outbreaks were caused by food prepared in a restaurant [4] . Americans eat at restaurants an average of five times weekly [5] and it is estimated that 47% of every dollar spent on food in 2015 was spent at a restaurant [6] .
The U.S. Food and Drug Administration (FDA) provides guidelines designed to prevent foodborne disease in restaurant settings; states are responsible for adopting and enforcing restaurant food-safety regulations. These guidelines address the standards for personnel management and employee health, food-safety practices, equipment storage and cleanliness, waste disposal, physical facility optimization to avoid contamination with pathogens, and poisonous material handling and storage [7] . Contamination of food served in a restaurant can occur at any point from farm to table. The guidelines aim to minimize restaurants' role in foodborne illness.
The study objective was to describe the characteristics of restaurant-based foodborne disease outbreaks, identify outbreak contributing factors, and examine the role of food workers in these outbreaks. Results of this analysis can help guide efforts to prevent foodborne illness.
MATERIALS AND METHODS
CDC collects foodborne disease outbreak reports from state and local health departments through the Foodborne Disease Outbreak Surveillance System (FDOSS) [8] . The information collected for each outbreak includes year, month, state, number of illnesses, hospitalizations and deaths, confirmed aetiology, implicated food, settings where food was prepared, and contributing factors.
We reviewed foodborne disease outbreaks that occurred during 1998-2013 in which a restaurant was the only place where food was prepared. We analysed implicated food categories, aetiology, restaurant type, and factors contributing to outbreak occurrence. Implicated foods were categorized using the Interagency Food Safety Analytics Collaboration's (IFSAC) scheme [9] . Implicated foods that contained ingredients belonging to more than one category were classified as 'complex' when the food category responsible for illness could not be determined. For most pathogens, an aetiology was defined as confirmed if the organism was detected in samples from two or more ill persons, or in an epidemiologically implicated food(s). For marine and other toxins, confirmation requires a clinically compatible illness in two or more ill persons who ate an implicated food (e.g. as with the distinct clinical syndromes of botulism, scrombroid toxin, or heavy metals) [10, 11] .
Aetiologies not meeting the criteria were classified as suspect; these suspect aetiologies included toxinmediated illness (e.g. Bacillus cereus, Clostridium perfringens, Staphylococcus aureus enterotoxin) and uncommon aetiologies (e.g. Trichinella, Cyclospora, pesticides) in which laboratory confirmation was only performed for a single ill person or illness was identified through clinical presentation and/or epidemiological risk factors without laboratory testing. Only confirmed aetiologies were included in aetiology analyses. The restaurant type (i.e. sit-down, fast-food, other) was reported starting in 2009. Contributing factors, or reasons for contamination, were grouped into one of four categories for analysis: food worker health and hygiene, food contamination before arrival at the restaurant, food handling and preparation practices in the restaurant, and other factors (Appendix A). Because more than one contributing factor could be reported for an outbreak, an outbreak could be included in more than one contributing factor category. Food workers were implicated if a contributing factor indicating lapses in food worker health and hygiene (e.g. bare-hand contact with food) was reported or if a food worker was explicitly implicated as the cause.
The Wilcoxon test was used to compare the median number of ill persons in outbreaks. All analysis was performed using SAS v. 9.3 (SAS Institute Inc., USA).
RESULTS
Of 17 445 outbreaks reported during 1998-2013, 9788 (56%) outbreaks involved food prepared in a restaurant (Appendix B), resulting in 124 608 illnesses, 4427 hospitalizations, and 32 deaths. There were a median of 620 outbreaks annually [interquartile range (IQR) 618-629], resulting in 3151 to 11 426 illnesses each year. The median outbreak size was five persons (IQR [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The largest number of restaurant-associated outbreaks were reported from Florida (1742 outbreaks, 18%), California (1289 outbreaks, 13%), and Ohio (666 outbreaks, 7%). The annual number of restaurant-associated outbreaks and the percentage of all outbreaks linked to restaurants declined from 2000 (884, 63%) to 2013 (431, 52%) ( Fig. 1 ).
Implicated foods
A food was implicated in 4102 (42%) outbreaks. Of these, 1775 (43%) had a food that could be assigned to a single category, most commonly fish (387 outbreaks, 33%), beef (314 outbreaks, 27%), chicken (239 outbreaks, 20%), and molluscs (147 outbreaks, 13%) ( Table 1) .
Aetiology
A single confirmed aetiology was reported in 3072 (31%) outbreaks; norovirus caused the most outbreaks (1425, 46%) and outbreak-associated illnesses (52630, 42%) ( Table 2 ). The median number of ill persons in norovirus outbreaks was 14 . Most deaths were due to Salmonella infections (5/23 deaths with a reported aetiology, 22%).
Other common confirmed aetiologies were Salmonella enterica (728 outbreaks, 24%), scombroid toxin (238 outbreaks, 8%), C. perfringens (123 outbreaks, 4%), Shiga toxin-producing Escherichia coli (117 outbreaks, 4%), and Shigella (76 outbreaks, 2%) ( Table 2 ). The percentage of restaurant-associated outbreaks caused by norovirus increased during the study period, comprising 15% of outbreaks in 1998 and 40% of outbreaks in 2013. In contrast, the second most common confirmed aetiology, Salmonella, comprised 33% of outbreaks in 1998 and 31% in 2013 (Fig. 2) .
Of the 750 outbreaks with a confirmed aetiology linked to a single food category, the most common pairs were scombroid toxin in fish (219 outbreaks, 29%), S. enterica in eggs (66 outbreaks, 9%), Vibrio spp. in molluscs (33 outbreaks, 4%), C. perfringens in beef (25 outbreaks, 3%), and norovirus in vegetable row crops (22 outbreaks, 3%).
Restaurant type
Of the 1859 single restaurant-associated outbreaks reported from 2009 to 2013, 1463 (79%) were at sitdown dining establishments and 246 (13%) were at fast-food establishments. Of the 804 outbreaks with both a restaurant type and a confirmed aetiology, norovirus outbreaks associated with sit-down restaurants were most common (321, 40%) ( Table 3) . Of the 278 outbreaks with both an implicated food category and information on restaurant type available, fish (57 outbreaks), molluscs (38 outbreaks), and chicken , percentage of all foodborne disease outbreaks that were restaurant-associated.
(26 outbreaks) were the most common foods associated with sit-down restaurants, and vegetable row crops and sprouts were most common in fast-food restaurants (five outbreaks each) ( Table 3) . Certain foods were more frequently implicated in sit-down than fast-food restaurants, including eggs (8% of outbreaks in sit-down dining restaurants vs. 0% in fast-food restaurants), pork (8% vs. 4%), molluscs (18% vs. 0%), chicken (12% vs. 4%), and fish (27% vs. 16%).
Outbreak contributing factors
In the 9788 restaurant-associated outbreaks, 4941 (50%) outbreaks contained information on at least one contributing factor, with a total of 6907 contributing factors recorded (Appendix A). The most common were those related to food handling and preparation practices in the restaurant (2995 outbreaks, 61% of those with any contributing factor recorded) followed by those related to food worker health and hygiene (2344 outbreaks, 47%). Factors related to food contamination before reaching the restaurant (761 outbreaks, 15%) were less common.
The most common outbreak contributing factors related to food handling and preparation practices in the restaurant were improper adherence of an approved plan to use time as a public health control (962 outbreaks, 32%), inadequate or insufficient thawing of frozen products leading to the proliferation of pathogens (957 outbreaks, 32%), and crosscontamination by a non-food handler who was suspected of being infectious (954 outbreaks, 32%).
In the 1875 outbreaks with a confirmed aetiology and contributing factor information available, Salmonella was the most common confirmed aetiology in outbreaks in which food contamination before entering the restaurant was cited as a contributing factor [157 (33%) outbreaks of 481] and food handling and preparation practices in the restaurant was cited as a contributing factor [341 (40%) of 861 outbreaks]. Norovirus was the most common confirmed aetiology in outbreaks in which contamination related to food worker health and hygiene was cited as a contributing factor [706 (71%) of 997 outbreaks] and other contamination methods [68 (27%) of 253 outbreaks].
Scombroid toxin in fish was the most common food-aetiology pair in outbreaks with a confirmed aetiology related to contamination of food before reaching the restaurant (136 outbreaks), outbreaks related to food handling and preparation practices occurring within the restaurant (75 outbreaks), and outbreaks related to other contributing factors (33 outbreaks). Norovirus in vegetable row crops was the most common food-aetiology pair in outbreaks with a confirmed aetiology related to food worker health and hygiene (15 outbreaks). * Other outbreak food categories were fungi (n = 5), game (n = 2), herbs (n = 10), nuts/seeds (n = 1), oils/sugars (n = 2), other meat or poultry not otherwise specified (n = 10), and sprouts (n = 13).
Implication of food workers
Food workers were implicated as the source in 2344 (24%) of the 9788 outbreaks. The median size of outbreaks in which a food worker was implicated was eight ill persons (IQR 4-20), compared to a median of four (IQR 2-9) for all other outbreaks (P < 0·001). A single food category was identified in 1372 (59%) of 2344 outbreaks involving a food worker, most commonly beef (62 outbreaks), chicken (45 outbreaks), and vegetable row crops (41 outbreaks). Most outbreaks where food workers were implicated occurred in sit-down restaurants [274 (82%) out of 336 outbreaks since 2009].
Information was available on a confirmed aetiology for 1131 of the 2344 outbreaks involving food workers. Norovirus was the most frequent cause (794 outbreaks, 70% of outbreaks involving a food worker), followed by S. enterica (191 outbreaks, 17%), and Staphylococcus aureus enterotoxin (35 outbreaks, 3%). The Salmonella serotypes most commonly implicated in food workerassociated outbreaks were Enteritidis (60 outbreaks), Typhimurium (26 outbreaks), Heidelberg (18 outbreaks), and Newport (14 outbreaks).
DISCUSSION
This study highlights the significant burden of foodborne disease outbreaks that occur in restaurants in the United States. Over half of all foodborne disease outbreaks reported to the CDC from 1998 to 2013 involved a restaurant setting.
We found that factors related to food handling and preparation practices in restaurants, including inadequate thawing resulting in pathogen proliferation and cross-contamination were the most frequent contributors to restaurant outbreaks. Food workers have reported that obstacles such as sink accessibility and clean cutting board availability, time demands, restaurant management and coworker influence, and lack of food-safety training and procedures, all negatively impact their ability to safely prepare foods in accordance with guidelines and regulations [12] and are likely reasons for food preparation lapses. Of these outbreaks with contributing factors related to food handling and preparation in the restaurant, Salmonella was the most common confirmed aetiology. This likely indicates that food enters the restaurant contaminated (i.e. poultry contaminated with Salmonella) and proper procedures are not followed to eliminate this organism once in the restaurant. Although the FDA Food Code was established to minimize five major risk factors in restaurant-associated foodborne illness, including improper holding temperatures, inadequate cooking, contaminated equipment, obtaining food from unsafe sources, and poor personal n.a., Not applicable. * Interquartile range in outbreaks with confirmed aetiologies. † Other confirmed aetiologies were amnesic shellfish poisoning (n = 1), astrovirus (n = 1), Cyclospora (n = 9), Enterococcus (n = 1), Giardia (n = 6), heavy metals (n = 2), Listeria (n = 5), monosodium glutamate (n = 1), other chemicals and toxins not otherwise specified (n = 10), pesticides (n = 3), rotavirus (n = 1), sapovirus (n = 2), Trichinella (n = 1), and Yersinia (n = 2).
hygiene [7] , obstacles to implementing and following these guidelines must be addressed. We found that food workers contributed to a quarter of all restaurant-associated outbreaks, and outbreaks associated with food workers tended to be larger than others. This underscores the role of food worker health and hygiene and safe food preparation practices in restaurant settings in foodborne illness prevention. Food workers can contribute to food contamination by failing to adhere to safe food preparation time and temperature guidelines, directly introducing pathogens while preparing food when ill, or cross-contaminating ready-to-eat foods or cooked foods with raw food [12] [13] [14] . A recent survey of restaurant food workers found that most lacked knowledge about foodborne disease prevention, including correct handwashing technique, proper food storage, adequate meat temperatures, and how to tell if food has gone bad [14] . Food workers report not always wearing gloves while handling ready-to-eat foods and not changing gloves in between handling raw meat and ready-to-eat foods [15] . Inadequate handwashing is a well-established method for spreading illness [7] ; food workers are less likely to practice appropriate handwashing when they are busy [14] .
In an observational study assessing food workers' handwashing frequency, hands were washed only 39 (7%) of the 582 times they should have been washed. Hands were not washed after touching aprons, and rarely when changing tasks or handling different food products. Moreover, compliance with the FDA Food Code handwashing guideline was extremely low (5%) [16] . A survey from 2010 revealed that close to 88% of restaurant workers do not receive paid sick days and over 63% had cooked or served food while sick [17] . Moreover, one-third of restaurants do not have clear policies about when to allow a sick food worker to work and 20% of food workers went to work while ill at least once in the previous year [5, 17] .
An implicated food was not reported in half of restaurant-associated outbreaks. This is in part because linking a food to an outbreak is often difficult, as it requires identifying a common food exposure. Ill persons may have many common exposures, making it difficult to distinguish which food item caused the outbreak. In outbreaks in which an implicated food was identified, half were linked to complex foods in which an ingredient in a single food category could not be identified. This is likely due to the inherent difficulty in determining the causative food category in a complex food consumed by many people. In some outbreaks, more than one food category may be responsible for illness (i.e. contamination of several food items by ill workers, or crosscontamination).
Overall, over 70% of outbreaks were due to animalbased foods (meat and seafood items). Animal-based foods were also more commonly implicated in sitdown restaurants (67% of outbreaks) than fast food restaurants (32% of outbreaks). Many animal-based food types are likely inherently contaminated before consumption and temperature abuse can lead to bacterial proliferation and toxin production. Appropriate cooking practices, including cooking to the appropriate internal temperature and limiting time at room temperature are imperative to decrease pathogen burden or toxin production before serving.
Nearly half of restaurant-associated outbreaks were caused by norovirus, including most food workerassociated outbreaks. Detection of norovirus outbreaks has increased since the 1990s, likely due in part to improved and more widely used molecular diagnostics, including real-time reverse transcriptionpolymerase chain reaction assays and sequence analysis [18, 19] . Norovirus outbreaks were also larger than those caused by other pathogens. This is likely due in part to norovirus' high infectivity and low infectious dose (as few as 18 viral particles may cause illness) [20] . Norovirus was the most common aetiology in outbreaks linked to vegetable row crops, foods that are commonly eaten raw and may not undergo a heat step to kill pathogens. Outbreaks due to food contaminated with norovirus during production (i.e. before arriving at the restaurant) are rarely identified [19, 21] . Consistently, our study found that most restaurant-associated norovirus outbreaks were associated with food worker health and hygiene lapses during food preparation or serving. A study reported that restaurants with certified kitchen managers have fewer food contamination events and fewer norovirus outbreaks [22] , suggesting that this may be an important intervention.
Scombroid toxin (histamine) was the third most common aetiology identified and was most commonly associated with consumption of fish. Although the median outbreak size involving scombroid toxin was small, it is likely that illness from scombroid toxin is under-recognized since the clinical presentation is similar to an allergy [23] . Cooking contaminated foods does not destroy histamine [23] , highlighting the importance of proper handling at the source. Over 85% of fish consumed in the United States is imported [24] , and ensuring immediate freezing of † Other confirmed etiologies were amnesic shellfish poisoning (n = 1), Cyclospora (n = 2), Enterococcus (n = 1), Giardia (n = 1), Listeria (n = 1), other chemicals and toxins not otherwise specified (n = 1), pesticides (n = 2), sapovirus (n = 2), and Trichinella (n = 1). ‡ Other outbreak food categories were crustaceans (n = 3), dairy (n = 3), fungi (n = 1), herbs (n = 1), nuts/seeds (n = 1), other meat or poultry not otherwise specified (n = 6), root/ underground (n = 4), and turkey (n = 4).
raw fish after initial catch and proper storage during transport is crucial to prevent foodborne illness. Norovirus, B. cereus, Staphylococcus aureus enterotoxin, and C. perfringens were the most common suspect aetiologies in restaurant-associated foodborne disease outbreaks. Since most outbreaks caused by these pathogens are short and illness is self-limited, it is often difficult to confirm the aetiology if ill persons do not seek care or if clinical specimens are not tested. In these instances, epidemiologists may assess the clinical syndrome, incubation period, food category, and outbreak setting and designate a suspect aetiology [25] .
We found that more outbreaks occurred in sit-down restaurants than fast-food restaurants. There may be several explanations for this observation. First, different food types are prepared differently, for example, sit-down restaurants traditionally have a 'cook-toorder' option in comparison to standard cooking protocols in fast-food restaurants. 'Cook-to-order' food may be more prone to preparation errors, predisposing consumers to foodborne illness. Second, a customer may be more likely to consume raw or undercooked products at a sit-down restaurant, including raw fish, oysters, beef, or eggs. Third, outbreaks in sit-down restaurants might be more likely to be detected because food is usually consumed in group settings, thus more easily allowing ill persons to be identified and linked epidemiologically. Last, many fast-food restaurants have standardized cooking and supplier guidelines as a result of previous high-profile outbreaks; a decrease in the number of outbreaks in this setting may be a direct result of practice improvements.
In 2009, the surveillance system for foodborne disease outbreaks transitioned to a new electronic reporting platform and subsequently the total number of foodborne disease outbreaks decreased. A survey suggested that this overall decline in foodborne outbreaks was due to decreased resources available for outbreak detection during the influenza A(H1N1) epidemic and a surveillance artifact [26] , given that the percentage of aetiologies and food categories did not change. In our study, the percentage of foodborne outbreaks that were restaurant-associated outbreaks declined annually since 2002, but has averaged 55% throughout the study period. Also, the percentage of illnesses associated with restaurant-associated foodborne outbreaks did not change dramatically over the study period (range 7-9%). The decrease in restaurantassociated outbreaks may be due to improved food handling practices and improved restaurant guidance to prevent foodborne illness or more outbreaks in multiple states are being identified as part of a single, multistate outbreak.
This study has a few limitations. The surveillance system relies on reporting and outbreak investigations by state, local, and territorial public health departments. Changes in the surveillance system, described above, may have contributed to the decrease in the number of outbreaks reported to CDC the health departments that year. Restaurant-related regulations and resources to perform outbreak investigations vary by state, and within a state can vary by jurisdiction. Results might have been influenced by states that receive more funding or resources or have larger populations. Restaurant-associated outbreaks may also be inherently more likely to be reported than other outbreaks.
Knowledge of the foods, aetiologies, and contributing factors that result in restaurant outbreaks can help guide efforts to prevent foodborne illness. Given that the majority of outbreaks were in sit-down restaurants and involved food preparation practices in the restaurant, more work needs to be done to address this issue. Emphasis must be placed on continued education, including refresher trainings for kitchen and serving staff including demonstrations of food-safety knowledge, effective management and appropriate restaurant practices oversight including having a trained manager on duty at all times, implementation of employee health controls including policies during illness and an emphasis on appropriate handwashing, and strict adherence to all food code guidelines. Toxic substance part of the tissue 220 (29) Ingestion of contaminated raw products (e.g. raw shellfish, produce, eggs)
APPENDIX
Contaminated raw product -food was intended to be served raw or undercooked/under processed 187 (29) Obtaining foods from polluted sources (e.g. shellfish)
Foods originating from sources shown to be contaminated or polluted (such as a growing field or harvest area)
(3)
Any of the above 761 (11) Improper adherence of approved plan to use time as a public health control 962 (32) Inadequate thawing of frozen products (e.g. room thawing)
Food preparation practices that support proliferation of pathogens (during food preparation) Insufficient thawing, followed by insufficient cooking (e.g. frozen turkey)
(32)
Foods contaminated by a non-food handler/worker/preparer who is suspected to be infectious
Cross-contamination from raw ingredient of animal origin (e.g. raw poultry on the cutting board)
Cross-contamination of ingredients (cross-contamination does not include ill food workers)
(24)
Preparing foods a half day or more before serving (e.g. banquet preparation a day in advance)
No attempt was made to control the temperature of implicated food or the length of time food was out of temperature control (during food service or display of food) Noroviruses are the leading cause of acute gastroenteritis and foodborne disease in the United States (11) . From 2009 through 2012, approximately 48% of foodborne disease outbreaks reported to the National Outbreak Reporting System (NORS) that had a single known etiology were caused by noroviruses (15) . Symptoms of norovirus infection generally include vomiting and diarrhea; however, infected individuals can be asymptomatic (13) . Noroviruses can be spread by ingestion of contaminated food or water, contact with contaminated fomites, direct person-to-person contact, and inhalation and subsequent ingestion of aerosolized vomitus (13, 21) . Norovirus can be shed in high quantities by infected individuals, and shedding can occur before, during, and after presentation of symptoms (1) . The virus has a low infectious dose (18 to 2,800 viral particles) (2, 24) , can withstand freezing temperatures and heating, and is difficult to kill with common disinfectants (13) . Therefore, norovirus can spread quickly in food service settings, where a contaminated food item can potentially expose hundreds of people.
Foodborne norovirus outbreaks are typically associated with contamination of food during preparation by an infected food service worker, often involving bare-hand contact with ready-to-eat (RTE) foods or working while ill (3, 11) . Among foodborne norovirus outbreaks occurring from 2009 through 2012, infected food workers were implicated as the source of contamination in 70% of outbreaks in which factors contributing to contamination were reported; bare-hand contact was specifically implicated in over half of these outbreaks (15) . Of the reported foodborne norovirus outbreaks, 90% involved foods prepared in food service facilities, most commonly in restaurants (15) . Conference for Food Protection (7). Before 2009, the Food Code was revised every 2 years. Updates or revisions to Food Code provisions may be released between published versions in the form of a supplement to the previously published version. Although the Food Code represents current guidelines for food safety, adoption of the Food Code provisions, in whole or in part, is at the discretion of state and local governments; consequently, adoption varies widely among states (30) . Uniform adherence to food service guidelines has significant potential to improve food safety in the United States. Identification of gaps in adherence to these guidelines would allow lawmakers and the food industry to determine appropriate areas for improvement. The primary objective of our study was to assess adoption of specific norovirusrelated food service provisions of the 2013 FDA Food Code (31) that were previously identified as important in decreasing transmission of foodborne norovirus (15) and to describe differences in the adoption of these provisions among states. We also evaluated associations between the adoption of select provisions and the rate and characteristics of foodborne norovirus outbreaks reported by each state.
MATERIALS AND METHODS
Food service provisions. We searched the government Web sites of all 50 states and the District of Columbia (hereinafter referred to as 51 states) to obtain the most recent food code regulations that were in effect as of 31 December 2014. Publicly accessible regulations (Table 1) were downloaded from government Web sites and/or obtained through contact with state public health departments. Regulations were assessed by two independent reviewers for the presence of provisions on hand washing, barehand contact with RTE food, exclusion of ill workers, certified food protection manager (CFPM), and a response plan for contamination events, as described in the 2013 FDA Food Code. Descriptions of each provision and the specific criteria used for assessment of state regulations in this analysis are provided in Table 2 .
Outbreak data. Data on all foodborne disease outbreaks with a first illness onset date of 1 January 2009 to 31 December 2014 and that listed norovirus as the only epidemiologically suspected or laboratory-confirmed etiology were obtained from NORS on 4 December 2015. NORS is an Internet-based voluntary surveillance system used by local, state, and territorial public health agencies to report to the Centers for Disease Control and Prevention (CDC) all foodborne and waterborne disease outbreaks and enteric disease outbreaks that are spread by person-to-person contact or environmental contamination or have other or unknown modes of transmission (6, 14) . Foodborne outbreaks are defined as two or more cases of a similar illness associated with a common exposure in which food is reported as the primary mode of transmission. The following outbreak characteristics were extracted from NORS: outbreak size and duration, implication of food workers as the source of the outbreak, implication of bare-hand contact by an infected worker, and whether an analytic study (i.e., case-control or cohort) was conducted as part of the outbreak investigation.
Analysis. NORS data were cleaned and analyzed using SAS 9.3 (SAS Institute, Cary, NC) and R (20, 23). State-specific population-based reporting rates (i.e., the number of NORS reports per population in each state during the 6-year reporting period) of foodborne norovirus outbreaks were calculated using 2014 state population estimates from the U.S. Census Bureau (26) , under the assumption that each state's population did not change significantly from 2009 through 2014. Reporting rates were presented in person-time, which combines the number of persons at risk (i.e., number of people in each state) and the study period (i.e., 6-year reporting period) and standardized to 1 million persons per year. NORS data were then merged with the data from our assessment of state regulations.
For the analysis, continuous variables (i.e., outbreak size and duration) were dichotomized using the median. An outbreak was defined as large when the estimated number of primary cases was 12 or more persons and small when the estimated number of primary cases was less than 12. An outbreak was considered to be of long duration when the dates of illness onset spanned three or more days and of short duration when dates of illness onset spanned less than 3 days.
We were unable to assess associations with the provision on hand washing because all states had adopted some form of this provision. We also did not assess associations with the provision requiring a contamination response plan because few states had adopted this provision. We used the Wilcoxon rank-sum test to independently compare the outbreak reporting rates of states with and without the specified provisions and used multivariate linear regression to simultaneously assess associations between outbreak reporting rate and adoption of these provisions. We used multivariate logistic regression models to assess associations between adoption of each specific provision and the outbreak characteristics extracted from NORS, controlling for reporting rate and adoption of other provisions. We also controlled for whether a cohort or case-control study was conducted, as an indication of investigation intensity. Statistical significance was determined by the 95% confidence interval (CI) for all analyses.
RESULTS
Food service provisions. Of the 51 states assessed, all adopted at least one of the five norovirus-related food service provisions in their respective food codes. A majority (33 states, 65%) adopted three or fewer provisions (Fig. 1) . Thirteen states (25%) adopted four provisions, and five states (10%) adopted all five of the selected provisions.
Hand hygiene provisions, specifically requiring hand washing and prohibiting bare-hand contact, were most widely adopted (Fig. 2) . All states had provisions requiring hand washing, and 39 (76%) prohibited bare-hand contact with RTE food; an additional 8 states (16%) did not completely prohibit bare-hand contact but called for limitation or minimization of bare-hand contact with RTE food. Although all states included some type of provision regarding hand washing, not all components outlined in the Food Code were adopted by all states. The Food Code describes nine situations in which a food worker should wash his or her hands (Table 3 ). All states adopted the subprovision requiring hand washing after using the restrooms, but other subprovisions were not as widely adopted. The subprovision requiring food workers to wash their hands ''before donning gloves to initiate a task that involves working with food'' was least commonly included in state food codes, with only 40 states (78%) including this subprovision in their respective food codes. Wide variation was observed in the adoption of ill staff exclusion policies. Overall, all but one of the 51 states assessed (98%) included some type of provision requiring exclusion or restriction of employees that were ill with vomiting and diarrhea; however, guidelines for the postsymptomatic period differed among states. Thirty states (59%) required employees to be excluded until 24 h after cessation of vomiting and diarrhea, as described in the 2013 FDA Food Code (Fig. 2) . Two states (6%) did not explicitly require a 24-h exclusion period but required at a minimum restriction of employees from food handling activities until 24 h after symptoms have resolved (Fig. 3) . Restriction allows ill workers to report to work but restricts them from certain food handling activities that may contribute to illness transmission. Seven states (14%) required exclusion or restriction while employees are experiencing vomiting or diarrhea but allowed employees to return to duties when these symptoms ceased. An additional 11 states (22%) required exclusion or restriction while employees are experiencing vomiting or diarrhea but did not specify a length of time for exclusion or restriction. Thirty states (59%) included an additional norovirus-specific exclusion period in their respective food codes, requiring exclusion of those with a lab-confirmed norovirus diagnosis until 24 h after cessation of symptoms then restriction for another 24 h (Fig. 3) .
The least commonly adopted provisions were those requiring food establishments to have at least one CFPM and Provision requiring at least one CFPM per food establishment; states that did not require a CFPM but allowed a certification to fulfill knowledge requirements were not considered as explicitly requiring a CFPM.
24-h ill staff exclusion
Food Code recommends that food workers with diarrhea or vomiting be excluded until 24 h after resolution of symptoms. Exclusion means that affected employees do not report to work at all for the specified time. Food Code provides more stringent exclusion periods for employees with laboratory-confirmed norovirus infections, recommending exclusion for 24 h after symptom resolution and then restriction from certain food handling duties for another 24 h after the exclusion period. However, because laboratory confirmation of norovirus infection is rarely performed in sporadic cases due to lack of widely available routine clinical assays, this provision is often not applicable (Section 2-2).
Provision requiring employees with vomiting or diarrhea to be excluded for at least 24 h after symptom resolution. Provisions requiring medical clearance before returning to work were considered to meet this criterion. Provisions allowing either exclusion or restriction for employees with symptoms or not specifying a length of time for exclusion were not considered to meet this criterion. Because most ill workers will not be specifically diagnosed with laboratory-confirmed norovirus, we used adoption of the general vomiting and diarrhea exclusion period as the primary indicator of adopting ill staff exclusion guidelines and used this provision in our subsequent analyses. To descriptively assess differences in regulations, we also examined other exclusion criteria, including the norovirus-specific indicator. Response plan for contamination events Provision requires that food establishments have procedures in place for employees to follow during situations in which vomitus or fecal matter is expelled onto surfaces in the establishment. Although Food Code does not recommend specific procedures, it indicates that response plans should include actions that employees should take to prevent transmission of pathogens to other employees and patrons of the establishment (Section 2-501).
Any provision requiring a contamination event response plan. FIGURE 1. Adoption of selected food service provisions (described in Table 2 ); n ¼ 51 states (50 states plus District of Columbia).
FIGURE 2. Adoption of selected food service provisions by state.
to have a plan in place for responding to contamination events (Fig. 2) ; only 26 states (51%) included the requirement for a CFPM in their food codes, and only 8 states (16%) required a contamination event response plan.
Associations with outbreak characteristics. In total, 1,475 suspected or confirmed foodborne norovirus infection outbreaks that were reported to NORS occurred between 1 January 2009 and 31 December 2014. Individual states reported 0 to 173 (median, 10) foodborne norovirus outbreaks during the 6-year period, with a median reporting rate of 0.47 outbreaks per million person-years (range, 0.00 to 5.25 outbreaks per million person-years). Three states did not report any foodborne norovirus outbreaks in the 6-year period; therefore, these states were not included in our analysis of associations with outbreak reporting rates or characteristics. Although not statistically significant, states that adopted the provisions prohibiting bare-hand contact (0. (Fig. 4) . When analyzed in a multivariate model, controlling for the adoption of 24-h ill staff exclusion and the requirement for a CFPM, states that prohibited bare-hand contact had a significantly lower reporting rate (P , 0.0001) than did states without the provision.
Controlling for reporting rate, adoption of other provisions, and type of investigation conducted, we found significant associations between certain provisions and specific outbreak characteristics ( Table 4 ). States that adopted the provision requiring a CFPM were 1.7 times (95% CI, 1.3, 2.1) more likely to implicate a food worker as the source of a reported outbreak that were those states without the provision. States that adopted the 24-h ill staff exclusion provision were 0.5 times (0.4, 0.6) more likely to have a smaller outbreaks, 0.7 times (0.5, 0.9) more likely to have shorter outbreaks, and 1.7 (1.0, 2.9) times more likely FIGURE 3. Adoption of specific ill staff exclusion requirements. to implicate bare-hand contact by a food worker suspected to be infectious than were states without the provision.
DISCUSSION
In this assessment of state food codes, we found that provisions related to hand hygiene were the most widely adopted. Although some requirement for hand washing was adopted by all states, we found variation in adoption of subprovisions that specify times at which food workers should wash their hands. The least commonly adopted of these subprovisions was the requirement to wash hands before donning gloves. Adoption of hand hygiene provisions is crucial to food safety; poor hand hygiene has been cited as a key factor in the transmission of foodborne disease. A systematic review of 81 foodborne disease outbreaks attributed to food contaminated by food workers revealed that nearly all outbreaks were associated with poor hand hygiene, such as improper hand washing and bare-hand contact with food (22) . When used properly, gloves can decrease pathogen transmission between food items and the hands of food workers (19) . However, gloves are not always used appropriately, which should include changing gloves when necessary and washing hands before and after glove use. In an observational study of over 300 food workers, appropriate hand washing was less likely when gloves were worn (10).
The provisions regarding ill staff exclusion differed considerably among the states assessed. About 60% of states assessed adopted the 2013 Food Code requirement of exclusion of workers with diarrhea or vomiting until 24 h after symptom resolution. The same number of states included the norovirus-specific exclusion period in their codes, requiring that employees with a laboratory-confirmed diagnosis be excluded for 24 h after cessation of symptoms and then restricted for another 24 h after exclusion. Although all but one state required exclusion or restriction of ill food workers while symptomatic, compliance and enforcement may be lacking. In a survey of over 400 restaurant workers, nearly 60% reported working while ill in the previous year, and 20% had worked while ill with vomiting and diarrhea specifically (4). Nearly half of those who worked while ill indicated that their managers, to whom the responsibility of ill staff exclusion belongs, were not aware of their illness (4). This finding suggests that effective enforcement of the recommended regulations requires proper education of food handlers to foster appreciation of the health hazards of working while ill and the importance of reporting illnesses.
The timing of addition of provisions to the Food Code may affect the inclusion of these provisions in state regulations, because there may be a considerable lag between addition of provisions to the Food Code and state adoption due to state rule-making processes. The two least commonly adopted provisions included in this assessment were those requiring a CFPM and a contamination event response plan. These provisions were also the most recent ones incorporated into the Food Code; the provisions were added in 2011 as a supplement to the 2009 FDA Food Code (29) and were subsequently included in the 2013 Food Code. In contrast, the more commonly adopted provision requiring exclusion of ill staff until 24 h after symptoms was added to the Food Code in 2005 (28) . Although a CFPM was not explicitly required in previous versions of the Food Code, previous versions allowed for this certification to fulfill the requirement that a person in charge demonstrate knowledge of food safety. Unlike the provision requiring a CFPM, the contamination response plan provision was not mentioned in previous versions of the Food Code. This provision is important for norovirus infection prevention because public vomiting events have been recognized as a cause of outbreaks (18, 32), and without proper cleaning the virus can persist on food preparation surfaces such as stainless steel and ceramic for up to 42 days (17).
The provisions requiring hand washing and prohibiting bare-hand contact with RTE food, which were the two most commonly adopted provisions, were included in Food Code versions as early as 1997 (previous versions of the Food Code were not available on the Internet for analysis). However, the least commonly adopted hand washing subprovision, requiring food workers to wash their hands before donning gloves, was added to the Food Code in 2001 (27) . These comparisons revealed that although the year that the provision was incorporated into the Food Code may impact the uptake of these provisions into state food service regulations, other factors may influence state adoption of a provision.
Because the ultimate goal of food safety regulations is to decrease foodborne disease, we sought to explore potential associations between adoption of specific provisions and the frequency and characteristics of reported outbreaks. When we compared the outbreak reporting rates of states, we found that those states that adopted the specified provisions (requirement of a CFPM, prohibition of bare-hand contact with RTE foods, and 24-h exclusion of ill food workers) had lower median outbreak reporting rates than did those states that did not adopt these provisions, although these associations did not reach statistical significance. Controlling for adoption of the 24-h ill staff exclusion provision and the requirement for a CFPM, we found that adoption of the provision prohibiting bare-hand contact was significantly associated with decreased outbreak reporting rate. These findings suggest that adoption of these specific food service provisions may have an impact on reducing the rates of reported norovirus outbreaks.
States that adopted the requirement for a CFPM were significantly more likely than those without this requirement to implicate an ill food worker as the source of a reported outbreak. Because the responsibilities of a CFPM include ensuring that food workers are observing proper food safety protocols (31), including reporting of worker illness, this finding suggests that the presence of a CFPM is helpful for identifying workers who are in violation of the protocols by working while ill. In previous studies, the presence of a CFPM has had a protective effect on foodborne disease outbreaks, including those specifically caused by norovirus, and the identification of critical violations during restaurant inspections (5, 16). We also found that states that had adopted the 24-h ill staff exclusion provision were significantly less likely to have outbreaks of a smaller size and shorter duration. This association may reflect the preferential reduction of shorter, smaller outbreaks caused by the relatively brief exposure period from ill food workers as opposed to outbreaks with more protracted periods of exposure, such as those involving foods contaminated during production or processing. Our analyses also indicated that states with the 24-h exclusion provision were significantly more likely to implicate barehand contact by an infectious food worker. However, these same states were not significantly associated with implication of ill food workers. Because outbreaks in which barehand contact by an infectious food worker was implicated are a subset of those in which an infectious food worker was implicated, this association may be spurious. However, one potential explanation is that those states that are excluding ill food workers are also more actively evaluating the activities of individuals in the kitchen to determine whether those individuals should be excluded and therefore identifying critical violations such as bare-hand contact with food. Another possibility is that the 24-h exclusion period may not be long enough to prevent transmission from a postsymptomatic infected food worker; although individuals infected with norovirus may have symptoms for only 1 to 3 days, they may shed the virus for an average of 4 weeks after infection (1) . Therefore, these findings may indicate outbreaks in which ill food workers were excluded in accordance with the regulations but were still shedding infectious virus when they returned to work, suggesting that the 24-h postsymptomatic exclusion period for vomiting and diarrhea may not be sufficient because most norovirus infections are not diagnosed (9, 12, 25) . This issue was further reinforced at the 2016 Conference for Food Protection (8) , where the Conference voted to increase the postsymptomatic exclusion period for vomiting and diarrhea to 48 h in the 2017 Food Code to align with the postsymptomatic exclusion period for individuals actually diagnosed with norovirus infection.
Although the findings in this study are generally consistent with the notion that adoption of food safety provisions is associated with decreased incidence and improved management of foodborne outbreaks, some associations, such as that observed between the adoption of the 24-h ill staff exclusion and implication of bare-hand contact by an infectious food worker, were contradictory to other observed associations. This discrepancy suggests that the presence of other potential confounders, including variable compliance with these provisions and various reporting biases, may have resulted in spurious associations, and these results should be interpreted with caution. Because NORS is a passive surveillance system, reporting rates may not reflect the true number of outbreaks that occur in a particular state. Although all outbreaks are notifiable events and state health departments are strongly encouraged to report outbreaks to NORS, competing priorities and limited resources may restrict the number of outbreaks that are investigated and reported. These issues are likely reflected in the 100-fold difference in foodborne norovirus outbreak reporting rates between the highest and lowest reporting states (15) . Additional food safety provisions may also be adopted at municipal levels that exceed the requirements adopted at the state level, and some restaurants, such as larger chains, may have their own policies that are more stringent than those stipulated by the state food service regulations. Promulgation of regulations or policies on any level does not guarantee compliance by employees or enforcement by management. Finally, our data were collected from outbreaks that occurred during 2009 through 2014, and many of these outbreaks predated adoption of provisions first introduced in the 2011 Food Code supplement (29) . However, we analyzed the most recent regulations adopted as of September 2014, because regulations are subject to change at any point and changes do not necessarily follow a calendar year schedule. Therefore, a state's food code may have changed several times during the time period of outbreak analysis, creating difficulties in determining the presence or absence of provisions in place during a specific outbreak.
Despite these limitations, to our knowledge, this study is the first analysis of adoption of specific food service provisions related to norovirus with an attempt to assess potential correlations between adoption of these provisions and reports of outbreaks. The results of this analysis highlight gaps in state adoption of key food service provisions for prevention of norovirus transmission in food service settings and reemphasize the importance of adopting the most recently recommended food service provisions as these are updated in accordance with the latest science. These results also highlight the difficulties of conducting an ecological analysis including numerous unobservable confounders. Improved reporting of foodborne norovirus outbreaks may provide more opportunities for the identification of effective prevention and control measures. Further research is needed to examine barriers to state adoption of recommended provisions, as well as municipal and restaurant implementation of and compliance with state regulations to better elucidate associations with foodborne transmission of norovirus and opportunities for prevention.
Food allergies are a growing public health and food safety concern affecting an estimated 15 million U.S. residents, including 1 in every 13 children (8) . A food allergic reaction occurs when the immune system overreacts to the proteins in food (2). Currently, the only way to prevent a food allergic reaction is strict avoidance of the allergen (15) . Eight foods are responsible for approximately 90% of all food allergic reactions in the United States: milk, eggs, fish, shellfish, wheat, tree nuts, peanuts, and soybeans (8) . Symptoms of an allergic reaction range from mild skin rashes to severe, potentially life-threatening anaphylactic reactions (10) . In the case of anaphylactic reactions, administration of epinephrine within minutes is crucial to survival (15) . Food-related anaphylaxis is responsible for approximately 30,000 emergency room visits, 2,000 hospitalizations, and 150 deaths each year in the United States (13) .
A significant number of food allergic reactions occur in restaurants. A survey at the 2007 Food Allergy & Anaphylaxis Network conference (14) found that 34% of the 294 respondents had experienced at least one food allergic reaction in a restaurant, and of those, 36% had experienced at least three reactions. Another study revealed that nearly half of fatal food allergic reactions over a 13-year period were caused by food from a restaurant or other food service establishment (15) . An investigation of peanut and tree nut allergic reactions in restaurants or other food service establishments found that in 45% of these cases, the food allergic customers had alerted the restaurant to their allergy in advance (9) . The same investigation revealed that in 78% of the episodes, someone in the establishment knew that the food contained the allergen as an ingredient.
Managers, food workers, and servers all play unique and crucial roles in preventing food allergic reactions in their restaurants. Managers can provide food allergy training for staff and develop plans for serving food allergic customers. Food workers can become educated about allergens and methods to ensure allergen-free food preparation. Servers can accurately describe menu items to the customer and alert the manager and kitchen staff to requests for allergen-free meals. Miscommunication between any of these groups can result in an unsafe meal being served (3). Benefits to restaurants that consistently provide safe meals to food allergic customers include preventing harm to their clientele, avoiding lawsuits, and gaining the loyal patronage of the food allergic community. A key to preventing food allergic reactions in restaurants is understanding manager, food worker, and server food allergy knowledge, attitudes, and practices. Several studies have been conducted to examine these topics collectively (1, 3, 5, 6, 11, 12) . However, the measures used in these studies have been limited with regard to food allergy attitudes and practices. All studies either included a regional or convenience sample (1, 6, 11) or were conducted outside of the United States (3, 5, 11, 12) ; thus, the generalizability of their results must be considered.
In 2014, the Centers for Disease Control and Prevention's (CDC) Environmental Health Specialists Network (EHS-Net) conducted a study on restaurant manager and staff (food workers and servers) food allergy knowledge, attitudes, and practices. Our measures of knowledge, attitudes, and practices were comprehensive and were primarily based on the Food Allergy Research and Education guidance document ''Welcoming Guests with Food Allergies'' (7). EHS-Net also collected data in six demographically diverse sites, providing good geographic coverage of the United States (Northeast, South, Midwest, West). The goals of this study were threefold: (i) describe restaurant manager and staff food allergy knowledge, attitudes, and practices; (ii) compare knowledge, attitudes, and practices among managers and staff; and (iii) identify factors associated with food allergy knowledge, attitudes, and practices. This article primarily focuses on knowledge and attitudes. Complete practice data will be published at a later date.
MATERIALS AND METHODS
EHS-Net is a network of environmental health specialists and epidemiologists who conduct research designed to identify and understand environmental factors associated with foodborne illness outbreaks and other food safety issues. EHS-Net is a collaborative project of the CDC, the U.S. Food and Drug Administration, the U.S. Department of Agriculture, and state and local health departments. At the time this study was conducted, six state and local health departments were funded by CDC to participate in EHS-Net. The state and local health departments (EHS-Net sites) were in California, Minnesota, New York, New York City, Rhode Island, and Tennessee.
Sample. For this study, we used a random sample from a nonrandomly selected cluster (i.e., site). In each site, EHS-Net personnel chose an area, based on convenience (reasonable travel distance), in their jurisdiction to recruit restaurants for study participation through telephone calls. SAS version 9.3 (SAS Institute, Cary, NC) was used to select a random sample of restaurants from population lists of restaurants in those areas. Data collectors (EHS-Net personnel) collected data in approximately 50 randomly selected restaurants per site. For this study, restaurants were defined as facilities that prepare and serve food or beverages to customers and are not institutions, food carts, mobile food units, temporary food stands, supermarkets, restaurants in supermarkets, or caterers. Only restaurants with English-speaking managers were included in the study.
Data collection. Data were collected from January 2014 through February 2015. The institutional review boards of the participating EHS-Net site health departments approved the study protocol. We did not collect any data that could identify individual restaurants, managers, food workers, or servers. All data collectors participated in training designed to increase data collection accuracy and consistency. Data collectors solicited restaurant participation by contacting randomly selected restaurants within a specified geographic location via telephone using a standardized recruiting script.
After obtaining permission from the restaurant manager, data collectors conducted an on-site interview with a manager (worker with authority over the kitchen), food worker (worker who primarily prepares or cooks food), and server (worker who primarily takes orders or serves food to customers). To increase participation and cooperation, data collectors asked the manager to choose the food worker and server to be interviewed. Manager interviews lasted approximately 20 min and were focused on characteristics of the restaurant (e.g., chain versus independent ownership and number of meals served in a typical day) and the manager (e.g., years of experience in current restaurant and whether they had been food safety certified). Food worker and server interviews lasted approximately 12 min each and were focused on food worker and server characteristics (e.g., highest level of education and whether they had received food allergy training in their current restaurant).
Interviewers asked 19 questions to assess manager, food worker, and server food allergy knowledge (e.g., identifying major food allergens and knowing what to do when a customer has a bad food allergic reaction). Five questions (e.g., should servers be knowledgeable about food allergies and should restaurants try to meet food allergic customers' special requests) were scored on a Likert scale to assess staff food allergy attitudes. Another 13 to 22 questions (e.g., whether the restaurant has a plan for answering questions from food allergic customers and whether the restaurant has a specific person on duty to handle food allergy questions and requests) were used to assess food allergy practices. Data collectors also observed the restaurant and examined its menu to assess additional restaurant characteristics (e.g., highest priced food item and number of critical violations on the restaurant's last inspection) and food allergy documentation (e.g., whether the menu mentioned anything about allergens and whether documentation about allergens was available in the kitchen area).
Data analysis. We initially created knowledge and attitude scores for each participant group (i.e., manager, food worker, and server). For the knowledge score, we summed the number of correct answers (out of 19) and used each group's median score to dichotomize the participants as having more or less knowledge.
For the attitude score, we assigned point values to each response as follows: strongly disagree ¼ 1, disagree ¼ 2, unsure ¼ 3, agree ¼ 4, and strongly agree ¼ 5. We then averaged each participant's response to the five attitude questions. We used each group's median score to divide participants into those having relatively positive or less positive attitudes.
We used one-way analyses of variance (ANOVAs) to test whether groups were significantly different (P 0.05) in knowledge and attitude scores. We then conducted univariate descriptive analyses of restaurant, manager, food worker, and server characteristics; food allergy knowledge, attitudes, and practices; and food allergy documentation. Some continuous variables were recoded to provide approximately even groups to facilitate interpretation. For example, managers' experience was split into ,4 years (52.0%) and !4 years (48.0%). We next conducted a series of simple logistic regressions to examine associations between potential explanatory variables (restaurant, manager, food worker, and server characteristics; food preparation and service practices; and allergen documentation) and each outcome variable (knowledge and attitude scores) for managers, food workers, and servers (data not shown).We then created multiple logistic regression models for each group and outcome using a forward selection criterion (entrance criterion of P 0.10) to further explore the relationship between 20 potential explanatory variables and the outcomes. We choose P 0.10 to allow for more inclusiveness, given the relative exploratory nature of these analyses. We used SAS version 9.3 for all analyses.
RESULTS
Restaurant characteristics. Of the 1,307 restaurants contacted for participation in the study, 852 fit the study definition, and 278 (32.6%) of those agreed to participate (Table 1) . Manager interview data indicated that 60.1% of the participating restaurants were independently owned. Data collectors classified 56.9% of the restaurants as either quick service (e.g., fast food), fast casual service, or takeout only. Manager interview data indicated that 54.3% of the restaurants had complex food preparation processes (i.e., preparation that includes holding food beyond same day service or some combination of holding, cooling, reheating, and freezing). Additionally, 64.1% had American (nonethnic) menus, 29.7% served more than 300 meals in a typical day, 50.5% had three or more managers, 50.7% employed more than 10 workers, 25.5% had a food item priced more than $20, and 23.0% were cited for more than one critical violation on the last inspection.
Manager, food worker, and server characteristics. Interview data from the 277 managers indicated that 66.4% were male, 81.2% spoke English as their primary language, 61.0% had some college education or more, 48.0% had been working at the restaurant for at least 4 years, and 80.8% had been food safety certified (Table 1) . Less than half (44.7%) of managers had received training on food allergies while working at their current restaurant, and 27.8% did not recall serving any meals to food allergic customers in the past month.
Interview data from the 211 food workers indicated that 67.3% were male, 77.7% spoke English as their primary language, 37.0% had some college education or more, and 50.7% had been working at the restaurant for at least 2 years (Table 1) . Less than half (44.1%) had received food allergy training while working at their current restaurant, and 21.0% did not recall preparing any meals for food allergic customers in the past month.
Interview data from the 156 servers indicated that 72.9% were female, 85.9% spoke English as their primary language, 50.0% had some college education or more, and 52.6% had been working at the restaurant for at least 2 years (Table 1) . Only 33.5% had received training on food allergies while working at their current restaurant, and 12.6% did not recall serving any meals to food allergic customers in the past month.
Practices and observations. According to manager interview data, 70.8% percent of the restaurants had a plan for answering questions from food allergic customers (Table  2 ). Approximately half (53.3%) of the restaurants typically had a specific person on duty to handle food allergy questions and requests. Data collectors found that 22.0% of menus mentioned allergens. In 55% of these menus, the allergen information was a note for the customer to inform the restaurant whether they or someone with them had a food allergy. Food allergen documentation was available in the front of the restaurant (areas accessible to customers or the dining area) and the kitchen area in 23.1 and 36.3% of restaurants, respectively.
Manager, food worker, and server knowledge. Overall, managers correctly identified peanuts (95.0%), milk and dairy (91.0%), shellfish (92.4%), and eggs (81.6%) as major allergens (Table 3 ). Managers also recognized that trouble breathing (97.1%), hives or rash (98.2%), and swelling of tongue and throat (97.5%) are symptoms of an allergic reaction to food. Nearly all managers knew to call 911 (99.3%) when a customer has a bad food allergic reaction, such as trouble breathing. Managers (95.0%) knew that a person who eats food they are allergic to can die, and 92.8% of managers correctly said that taking a food allergen out of a meal after the meal had been prepared is not a way to make it safe for a food allergic customer. However, more than 1 in 10 managers (11.9%) incorrectly believed that a person allergic to a specific food ingredient can safely eat small amounts of that food.
Food workers also correctly identified peanuts (95.3%), milk and dairy (88.2%), shellfish (90.5%), and eggs (77.7%) as major allergens (Table 3) . Food workers recognized trouble breathing (96.7%), hives or rash (97.2%), and swelling of tongue and throat (95.7%) as symptoms of an allergic reaction to food. Nearly all workers knew to call 911 (98.1%) when a customer has a bad food allergic reaction, such as trouble breathing. Food workers (94.8%) knew that a person who eats food they are allergic to can die, and 91.5% of food workers correctly said that taking a food allergen out of a meal after the meal has been prepared is not a way to make it safe for a food allergic customer. However, more than 1 in 10 food workers (11.8%) incorrectly believed that a person allergic to a specific food ingredient can safely eat small amounts of that food.
Servers correctly identified peanuts (95.5%), milk and dairy (93.0%), shellfish (94.2%), and eggs (72.4%) as major allergens (Table 3) . Servers also recognized trouble breathing (99.4%), hives or rash (100%), and swelling of tongue and throat (100%) as symptoms of an allergic reaction to food. All servers knew to call 911 (100%) when a customer has a bad food allergic reaction, such as trouble breathing. Servers (97.4%) knew that a person who eats food they are allergic to can die, and 93.0% of servers correctly said that taking a food allergen out of a meal after the meal has been prepared is not a way to make it safe for a food allergic customer. However, more than 1 in 10 servers (11.5%) incorrectly believed that someone allergic to a specific food ingredient can safely eat small amounts of that food. Comparisons of manager, food worker, and server knowledge scores. All three groups had similar knowledge scores (Table 4) . Median knowledge scores were 13 for managers (mean ¼ 13.7, SD ¼ 2.0, n ¼ 277), 12 for food workers (mean ¼ 13.0, SD ¼ 2.5, n ¼ 211), and 13 for servers (mean ¼ 13.5, SD ¼ 2.2, n ¼ 156).
The overall ANOVA model suggested significant differences between groups (F 2,641 ¼ 7.45, P , 0.001). Post hoc tests revealed that managers (mean ¼ 13.75, SD ¼ 2.01, n ¼ 277) had significantly higher knowledge scores than did food workers (mean ¼ 12.96, SD ¼ 2.50, n ¼ 211). Servers had a mean score of 13.46 (SD ¼ 2.21, n ¼ 156), and their scores were not significantly different from those of managers or workers.
Multiple logistic regression of manager, food worker, and server knowledge. A multiple logistic regression analysis identified two characteristics that were significantly associated with manager food allergy knowledge (Table 5 ). Managers in restaurants that served more than 10 meals to allergic customers in the past month had greater odds of having a higher food allergy knowledge score than did managers in restaurants that served 10 or fewer such meals. Managers in restaurants that had a specific person to answer food allergy questions and requests had greater odds of having a higher food allergy knowledge score than did those managers in restaurants without such a person.
A multiple logistic regression analysis identified four characteristics that were significantly associated with food worker food allergy knowledge (Table 5 ). Food workers in restaurants with a plan for answering questions from food allergic customers had greater odds of having a higher food allergy knowledge score than did workers in restaurants with no such plan. Female food workers had greater odds of having a higher food allergy knowledge score than did male food workers. Food workers with at least 2 years of experience in the restaurant had greater odds of having a higher food allergy knowledge score than did food workers with less experience. Food workers in restaurants in which the highest priced food item was between $10 and $20 had greater odds of having a higher food allergy knowledge score than did those workers in restaurants in which the highest priced food item was less than $10.
A multiple logistic regression analysis identified three characteristics that were significantly associated with server food allergy knowledge (Table 5 ). Servers in restaurants with a specific person to answer food allergy questions and requests had greater odds of having a higher food allergy knowledge score. Servers in full service restaurants had greater odds of having a higher food allergy knowledge score than did servers in quick service restaurants. Servers in restaurants that served more than 300 meals in a typical day had greater odds of having a higher food allergy knowledge score than did servers in restaurants that served 300 meals or less.
Manager, food worker, and server attitudes. Managers (97.5%) agreed or strongly agreed that servers should be knowledgeable about food allergies (Table 6 ). Nearly all managers (99.6%) agreed or strongly agreed that kitchen staff should be knowledgeable about food allergies. Managers (91.3%) agreed or strongly agreed that restaurants should try to meet food allergic customers' special requests. Most managers (87.4%) also agreed or strongly agreed that their restaurant could easily meet food allergic customers' special requests. However, fewer managers (70.7%) agreed or strongly agreed that the staff in their restaurant would know what to do if a customer had a bad food allergic reaction.
All food workers (100%) agreed or strongly agreed that servers should be knowledgeable about food allergies (Table  6 ). Food workers (99.5%) agreed or strongly agreed that kitchen staff should be knowledgeable about food allergies. Food workers (97.1%) also agreed or strongly agreed that restaurants should try to meet food allergic customers' special requests. Most food workers (92.9%) agreed or strongly agreed that their restaurant could easily meet food allergic customers' special requests. However, only 74.4% of food workers agreed or strongly agreed that the staff in this restaurant would know what to do if a customer had a bad food allergic reaction.
All servers (100%) agreed or strongly agreed that servers should be knowledgeable about food allergies (Table  6 ). Servers (100%) also unanimously agreed or strongly agreed that kitchen staff should be knowledgeable about food allergies. Nearly all servers (98.1%) agreed or strongly Comparisons of manager, food worker, and server attitude scores. The three participant groups had approximately equivalent median attitude scores: 4. Multiple logistic regression of manager, worker, and server attitudes. A multiple logistic regression analysis identified six characteristics that were significantly associ- a Responses are shown in the order they were asked. n, the number of managers and workers that affirmatively answered the question.
ated with manager food allergy attitudes (Table 7) . Managers in restaurants that served more than 10 meals to food allergic customers in the past month had greater odds of having a higher food allergy attitude score than did managers in restaurants that served 10 meals or fewer. Managers in restaurants with plans for answering questions from food allergic customers had greater odds of having a higher food allergy attitude score. Managers in restaurants with a specific person to answer food allergy questions and requests had greater odds of having a higher food allergy attitude score than did managers in restaurants without such a person. Managers in restaurants that had allergen information on the menu were less likely to have a higher food allergy attitude score than did managers in restaurants without this information. Managers with at least 4 years of experience in the restaurant were also less likely to have a higher food allergy attitude score than were managers with less experience. Managers who had received food allergy training at their restaurant had greater odds of having a higher food allergy attitude score than did managers with no food allergy training. a Overall models were created using a forward selection criterion of P , 0.10. Variables are presented in order of steps at which they entered the model. OR, odds ratio; CI, confidence interval. OR . 1 indicates that the odds of the outcome (knowledge score in top 50%) were greater for the first mentioned category (e.g., 1 to 10) than for the second mentioned category (e.g., 0). A multiple logistic regression analysis identified four characteristics that were significantly associated with food worker food allergy attitudes (Table 7) . Food workers in restaurants with a plan for answering questions from food allergic customers were more likely to have a higher food allergy attitude score than were workers in restaurants without such a plan. Food workers with at least some college education had greater odds of having a higher food allergy attitude score than did workers with less education. Food workers in restaurants that employed fewer than five workers for every manager were more likely to have a higher food allergy attitude score than were those workers in restaurants with five workers or more for every manager.
Food workers in chain restaurants had greater odds of having a higher food allergy attitude score than did workers in independent restaurants.
A multiple logistic regression analysis identified four characteristics that were significantly associated with server food allergy attitudes (Table 7) . Servers with at least some college education were more likely to have a higher food allergy attitude score than were servers with less education. Servers who had received food allergy training at the restaurant had greater odds of having a higher food allergy attitude score than did servers with no food allergy training. Servers in restaurants with a plan for answering questions from food allergic customers were more likely to have a higher food allergy attitude score than were servers in restaurants with no such plan. Servers with at least 2 years of experience in the restaurant had greater odds of having a higher food allergy attitude score than did servers with less experience.
DISCUSSION
The overarching goal of this study was to describe food allergy knowledge, attitudes, and practices in restaurants. This multisite study revealed that restaurant managers and staff are knowledgeable and have positive attitudes concerning accommodations for food allergic customers. One positive finding was that nearly all restaurant staff could correctly identify symptoms of an allergic reaction and knew to call emergency medical services (i.e., 911) in these situations. Most managers and staff thought it was important for food workers and servers to be knowledgeable about food allergies and that their restaurant could easily meet food allergic customers' special requests. However, we identified important gaps in knowledge and attitudes. For example, restaurant staff members were less likely to recognize eggs as a major allergen, and conversely, some foods such as strawberries were incorrectly believed to be major allergens. Another troubling finding was that more than 10% of managers and staff believe that someone with a food allergy can safely consume a small amount of that allergen. These findings for food workers are particularly troubling, because their main job responsibilities include food preparation. Accurate knowledge is critical to preventing an allergic reaction. Managers and staff also had lower confidence in their restaurants' ability to properly respond to a food allergy emergency. This finding suggests that a Overall models were created using a forward selection criterion of P , 0.10. Variables are presented in order of steps at which they entered the model. OR, odds ratio; CI, confidence interval. OR . 1 indicates that the odds of the outcome (attitude score in top 50%) were greater for the first mentioned category (e.g., 1 to 10) than for the second mentioned category (e.g., 0 restaurant plans and trainings may not adequately prepare staff for these emergencies. Because the incidence of food allergies continues to increase, it is important for restaurants to be prepared for potential anaphylaxis emergencies. Identifying areas of concern is only the first step in preventing food allergic reactions in restaurants. Our additional analyses quantified the associations between restaurant, manager, and staff characteristics, practices, and observations and their food allergy knowledge and attitudes. Understanding these relationships is critical to creating effective interventions.
We found that several individual characteristics were significantly associated with food allergy knowledge and attitudes, e.g., education, work experience, and sex. Food worker knowledge level was higher among female workers and those with more experience working in their current restaurant. These findings suggest that it is important for restaurants to engage less experienced workers in food allergy trainings. Work experience and education were also significantly related to attitudes for managers, food workers, and servers. Managers with less experience had positive attitudes. In this case, experience might be a proxy for age. Anecdotal information from our data collectors suggests that younger managers were more receptive to accommodating food allergens than were older managers. In contrast, servers with more experience had positive attitudes. The contradiction between these findings is not readily explainable. Both food workers and servers with higher levels of education had positive attitudes.
Our findings also revealed a number of restaurant characteristics associated with food allergy knowledge and attitudes. Food workers in restaurants with higher priced food and servers in full service restaurants were more knowledgeable about food allergies. These characteristics might be indicative of restaurants with more resources to hire and retain staff who are more knowledgeable in general. Servers who served more meals per day also were more knowledgeable, perhaps because they recited the ingredients in meals to customers more frequently. Food workers in chain restaurants and those in restaurants with a lower worker-to-manager ratio also had positive food allergy attitudes.
Several allergy-specific practices were consistently related to knowledge and attitudes for managers, food workers, and servers. Serving more meals to food allergic customers was positively related to manager knowledge and attitudes but not to food worker and server knowledge and attitudes. Although staff are all involved in the process of serving food allergic customers, managers have more of the burden to ensure a meal is allergen free, especially if they are designated as the specific person in the restaurant to handle food allergy questions and requests. Having a plan for answering questions from food allergic customers or having a specific person to answer food allergy questions and requests was positively related to food allergen knowledge and attitudes for all staff groups. Both of these practices are recommended by the Food Allergy Research and Education group (8) as part of a restaurant's food allergy management plan. Research concerning the direction of the relationship between restaurant practices and food allergy knowledge and attitudes should be explored.
Food allergy training was associated with positive manager and server attitudes but not with knowledge in any staff group. These findings suggest that food allergy trainings influence attitudes but either do not impart enough food allergy knowledge or do not result in retention of that knowledge. Relevant material for these trainings can include information on major food allergens, menu items containing food allergens, symptoms of an allergic reaction, interacting with food allergic customers, preparing for a food allergic reaction, and preventing cross-contact with allergens. Food allergy training can also be provided to new employees, and existing staff can be retrained periodically. Further research could explore which training techniques are most effective and result in long-term retention of important food allergy information.
Counterintuitively, the presence of allergen information on the menu was associated with less positive attitudes for managers. In 55% of these menus, the allergen information was a note for the customer to inform the restaurant if they or someone with them had a food allergy. In at least one of the data collection sites, legislation requires restaurants to state in the menu that customers should notify the server of any food allergies. Such legislation may produce situations in which even managers with less positive food allergy attitudes still include such notices on their menus. As more states and cities adopt food allergy laws, the extent to which these laws affect restaurants' food allergy practices can be evaluated. In any case, alerting customers to menu items containing allergens or encouraging these customers to notify staff regarding their allergies might help prevent allergic reactions. Only 22% of restaurant menus mentioned anything about allergens; we encourage more restaurants to include information about allergens on their menus.
This study had several limitations. Because we included only English-speaking managers, food workers, and servers in the study, the findings might not generalize to nonEnglish speakers. Similarly, because the interviewed food workers and servers were chosen by managers rather than randomly, the food worker and server data might not be representative of these groups as a whole. This study also had a low participation rate (32.6%). The low response rate might have resulted in an overrepresentation of better and safer restaurants in the sample. In reporting results of a food allergen survey that also had a low response rate (4), the authors suggested that a lack of participation might reflect ''a general discomfort in responding to an inquiry regarding food allergies.'' In comparison to other food safety topics, food allergies have emerged more recently, and managers might not feel as comfortable participating in research. Almost all participants in the present study had very favorable food allergy attitudes. This range restriction limited our ability to investigate the relationship between explanatory variables and attitudes. We also were not able to make causal inferences about the relationships between explanatory and outcome variables. For example, knowledgeable managers may attract and retain more customers with food allergies, or an increase in customers with food allergies may compel staff to acquire additional knowledge about allergens. We cannot determine whether serving more customers with food allergies leads to higher knowledge levels. Thus, although our data suggest significant relationships between several restaurant, manager, and staff characteristics and food allergy knowledge and attitudes, more research is needed to determine the causal nature of those relationships.
Overall, these findings suggest that managers, food workers, and servers are knowledgeable and have positive attitudes about accommodating customers with food allergies. We encourage restaurants to develop plans and designate a specific person to handle food allergy requests. Such practices were consistently associated with better knowledge and more positive attitudes. Food allergy training is also recommended for new and existing managers and staff.
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